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(g) Natural and synthetic proteins with inhibitory activity towards pathogenic microorganisms. 



@ A selected group of proteins has been found to have antimicrobial properties. In a preferred 
embodiment, plant resistance to diseases caused by plant pathogens which are susceptible to these 
proteins is produced by inserting into the cells of a plant a gene whose expression causes production a 
selected protein in antimicrobial amounts. 
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Technical Field 

This invention relates to nftaterials and methods for killing and Inhibiting fungal and other pathogens of 
plants, humans and animals, and materials and methods for directly imparting disease resistance to plants. 

5 

Background of the Invention 

There is a great interest in the development of new microbiddes that do not have adverse effects on the 
host organism but have high potency against pathogens. One area of interest In locating microbicidally active 
10 compounds is naturally occurring compounds, because they can be readily detoxified by natural mechanisms 
in the environment and in humans and other animals. 

Humans and Lower Animals 

15 Bacteria and fungi are the cause of many diseases in humans and lower animals. These diseases can range 
from minor Inritatlons such as athlete's fool to serious or even fatal systemic infections. Often the medications 
used in treating systemic infections, particularly those used in treating systemic fungal infections, cause serious 
side affects In the treated human or animal. Therefore there is a continuing need in the fields of human and 
veterinary medicine for the development of new and effective antiinfecttve compounds. 

20 

Plants 

Numerous fungi and bacteria are not only pathogens in humans and lower animals, but are also serious 
pests of agricultural crops. One method of controlling plant diseases in the past has been to apply antimicrobiat 

25 organic or In the past has been to apply antimicrobial organic or semlorganic chemicals to crops. This method 
has numerous, art-recognized problems. A more recent method of control of microorganism pests has been 
tile use of biological control organisms which are typically natural competitors or Inhibitors of the troublesome 
microorganisms. However, it is difficult to apply bidgical control organisms to large areas, and even more dif- 
ficult to cause tiiose living organisms to rennain in the treated area for an extended period. Still more recentiy, 

30 techniques in recombinant DNA have provided tiie opportunity to insert into plant cells cloned genes which exp- 
ress proteins in tiie plant cells. Some proteins are known to have antimicrobial activity. However, this technology 
has given rise to additional concems about eventual microbial resistance to well-known, naturally occunring anti- 
microbiats, particularly in the face of heavy selection pressure, which may occur in some areas. Thus, a con- 
tinuing need exists to Identify additional naturally occurring antimicrobial compounds which can be fomned by 

35 plant cells directiy by translation of a single structural gene. 

European Patent Application 204,590, based upon U.S. Patent application Serial No. 725,368, describes 
a method of genetically nKKJifying a plant cell to control expression of heterologous foreign structure genes, in 
the method, the plant cell is transfonned to contain a pRi T-DNA promoter and a heterologous foreign structural 
gene, the promoter and the structural gene being in such position and orientation with respect to one another 

40 that the structural gene is expressible in a plant cell under control of the promoter. 

Likewise, European Patent Application 166,425, based upon U.S. patent application Serial No. 685,824, 
describes a recombinant DNA expression vector which comprises (a) a transcription unit, flanked by T-DNA 
border sequences, which comprises a promoter and associated amino tenninal region encoding sequences 
and a temilnator signal sequence in which the sequences are derived from one or more genes which are natur- 

46 ally expressed in a plant cell, and (b) an antibiotic resistance gene-encoding sequence located between the 
promoter and associated amino-tennlnal region-encoding sequence and the terminator sequence and (c) a 
DNA fragment containing a replicon that is functional in Agrobacterium. 

PCT application 8807087, based upon U.S. patent application 168,1 09, discloses a recombinant virus exp- 
ression system comprising a Hellothls polyhedrin promoterand a nucleotkJe sequence encoding a heterologous 

50 peptide or protein, which may have antimicrobial activity. 

Summary of the Invention 

According to the invention, certain natural and synthetic proteins have been detenmined to have potent anti- 
55 microbial activity against many common pathogens. This invention thus relates broadly to compositions con- 
taining these proteins, and methods of using these proteins and compositions containing them against human, 
animal and plant pathogens. Since it is presently considered feasible and desirable to genetically engineer 
plants to express proteins whteh, inter alia, impart resistances to diseases and other pests, this invention also 

2 



WEST 



EP 0 502 718 A1 



10 



IS 



20 



relates broadly to methods of creating plants with disease resistance by virtue of expressing one or more of 
these proteins, and to cells and plants created thereby. 

Disclosure of the Invention 

it has now been detennined that proteins from the group consisting of: 



Defensin NPl 

M&9ainin-2 

Nagainin*A 

Nagainin-G 

a-Hordothionin 

0-Purothionin 

Melittin 

poly-L-Lysine HBr 



poly-L-Arginine HCl 
poly-L-Histidlne 

Adrenocorticotropic Hormone 1-17 
Adrenocorticotropic Hormone 1*24 
Cathepsin G 
(3*Hordothionin 

Eosinophil Major Basic Protein 
Eosinophil Cationic Protein 



25 



JO 



poly-L*Lysine HCl 

poly-D-Lysine 

poly-D-Lysine HBr 

Hastoparan 

Kassinin 

Cytohelicase 

Lysozyme 



Eosinophil Peroxidase 

Crotamine 

Citrate Synthase 

Stinging Nettle Lectin 

Lyticase 

Penicillinase 



3S 



40 



Pro-His-Pro-Phe-His-Phe-Phe-Val-Tyr-Lys and mixtures thereof have potent antimicrobial activity against 
many common pathogens. These proteins are particularly active against the following group of pathogens: 
Fusarium gramlnearum. Fusarlum monilrfonme. Diplodia maydls. Colletototrlchum graminicola. Verticillium ai» 
bo-atrum. Phytophthora megaspennae f.sp. giycinea, l^acrophomina phaseollna. Diaporthe phaseolorum 
caullvora. Sclerotlnia scierotiorum. Sclerotlnia trifolionim. AsDeroillus flavus and Alternaria longipes. 

Thusp this invention provides a method for kflling or inhibitory susceptible pathogens, including microor- 
ganisms selected from the group listed above, comprising the step of introducing into the environment of the 
organisms an antimicrobial amount of a protein selected from the group consisting of: 



45 



so 



55 
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Defensin NPl 

nagainin-2 

Magainin-A 

Magainin-G 

a-Hordothionin 

0-Purothionin 

Melittin 

poly-L-Lysine HBr 
poly-L-Lysine HCl 
poly-D-Lysine 
poly-D-Lysine HBr 
Ha6toparan 



poly-L-Arginine HCl 
poly-L-Hi5tidine 

Adrenocorticotropic Hormone 1-17 
Adrenocorticotropic Hormone 1-24 
Cathepsin G 
0-Hordothionin 

Eosinophil Major Basic Protein 
Eosinophil Cationic Protein 
Eosinophil Peroxidase 
Crotamine 



Citrate Synthase 
Stinging Nettle Lectin 



Kasslnin 
Cytohelicase 



Lyticase 
Penicillinase 



Lysosyme 

Pro-His-Pro-Phe-Hls-Phe-Phe-Val-Tyr-Lys and mixtures thereof. 

This invention also provides compositions of ma tier for the treatment and prevention of diseases in humans, 
lower animals, and plants caused by susceptible organisms, comprising one or both of the foregoing polypep- 
tides in combination with a non-toxic canrier. The tennis "protein" and "polypeptide" are used herein interchange- 
ably as applied to the specific compounds identified above. 



The polypeptides employed in this Invention can be effectively applied to plants afflicted with susceptible 
microorganisms by any convenient means. Including spray, creams, dust or other formulation common to the 
antimicrobial arts. The polypeptide can also be incorporated systemically into the tissues of a treated plant so 
that in the course of infesting the plant the pathogens wfll be exposed to antimicrobial amounts of the antimi- 
aoblal protein. One method of doing this is to incorporate the protein in a non-phytotoxic vehicle which is adap- 
ted for systemic administration to the susceptible plants. This method is commonly employed with fungicidal 
materials such as captan and is well within the purview of one of ordinary skill in the art of plant fungicide for- 
mulation. However, since the genes which code for these proteins can be isolated, cloned, Inserted into an 
appropriate expression cassette, and introduced into cells of a susceptible plant species, an especially prefer- 
red embodiment of this method involves Inserting into the genome of the plant a DNA sequence coding for one 
or more of the foregoing polypeptides in proper reading frame, together with transcription initiator and promoter 
sequences active in the plant. Transcription and translation of the DNA sequence under control of the regulatory 
sequences causes expression of the protein or proteins at antimicrobial levels In the tissues of the plant which 
are normally infected by the pathogens. 

The plant is preferably a plant susceptible to infection and damage by one or more of Fusarium 
graminearum. Fusarium monilifonme. Asperoillus flavus. Altemaria longipes. Sclerotinia sclerotiorum. and 
Sderotinla trifollorum. These include com (2ea mays) and sorghum (Sorghum bicolor) . However, this Is not to 
be construed as limiting, inasmuch as ttiese two species are among the most difficult commerctal crops to reli- 
ably transfonrh and regenerate, and these pathogens also Infect certain other crops. Thus the methods of this 
invention are readily applicable via conventional techniques to numerous plant species, if they are found to be 
susceptible to the plant pathogens listed hereinabove, including, without limitation, species from tiie genera 
Fragaria. Lotus. Medicago. Qnobrychis. Trifolium. Trigonella. Viona. Citnjs. Linum. Geranium. Manioot. 
Daucus. Arabidopsis, Brassica. Raphanus. Sinapis. Atropa. Capsicum. Datura, Hyoscyamus, Lycopersionn. 
NIcotlana. Solanum, Petunia. Digitalis. Maiorana. CIchorium. Helianthus. Lactuca, Bromus. Asparagus. Antlr- 
rii'"""^. Hemerocallis, Nemesis. Pelargonium, Panicum. Pennisetum. Ranunculus. Senecio. Salpiglossis. 



Plants 



4 



WEST 



EP 0 502 718 A1 



Cucumls. Bfowallia. Glycine. Lolium, Triticum. and Datura, 

PrefeiTBd plants that are to be transformed according to the methods of this invention are cereal crops, 
including maize, lye. bartey, wheat, sorghum, oats, millet rice, tritlcale, sunflower, alfalfa, rape seed and soy- 
bean. 

5 The DIMA sequence which when expressed imparts antimicrobial activity is a structural gene which codes 

for the selected protein or proteins as described herein. In general, since the object of the invention is to confer 
resistance to a microorganism to which the plant Is susceptible. In many cases the protein will not be native to 
the plant, i.e., the protein and the gene for the protein will be synthetic or will come firom a species other than 
the plant being transfomied. However, in species which produce one or more of these proteins but in lower 

10 than antimicrobial amounts, It may be preferable to Insert a gene for the selected protein or proteins under strong 
constitutive promoter control to cause overproduction of the protein, thus achieving antimicrobial levels and 
conferring effective dteease resistance. Alternatively, where a plant produces the one or more of the foregoing 
proteins but the protein or proteins is not produced in or distributed to tissues which are nonmaiiy affected by 
the disease, a tissue-specific promoter can be used to provide localized expression or overproduction of the 

IS protein. A tissue-specific promoter can be used in any instance where it may be desirable to localize production 
of the protein to an tissue which is susceptible to infection or to a tissue which is efficient in production of the 
protein. 

The DisJA sequences which code for the selected protein in the practice of this invention can be obtained 
firom natural sources of the protein by conventional techniques and the gene can ttien be removed by use of 

20 appropriate restriction enzymes and spliced into a selected plant expression cassette. Alternatively, a purified 
protein can be sequenced in its entirety using known mettiods, and synthetic DNA sequences can then be prep- 
ared which code for tiie appropriate sequence of amino acids, and this syntfietlc sequence can be inserted Into 
an appropriate plant expression cassette. 

Likewise, numerous plant expression cassettes and vectors are well known in the art By the temi "exp- 

25 ression cassette" is meant a complete set of control sequences Including initiation, promoter and tenmlnation 
sequences which function in a plant cell when they flank a structural gene in the proper reading frame. Exp- 
ression cassettes frequentiy and preferably contain an assortment of restriction sites suitable for cleavage and 
insertion of any desired structural gene. It is Important that the cloned gene have a start codon In ttie correct 
reading frame for the stiucturai sequence. In addition, the plant expressnn cassette preferably includes a strong 

30 constitutive promoter sequence at one end to cause ttie gene to be transcribed at a high firequency, and a poly-A 
recognition sequence at flie other end for proper processing and transport of ttie messenger RNA An example 
of such a prefenned (empty) expression cassette into which the cDNA of the present invention can be inserted 
is tiie PPHI414 plasmid developed by Beach etal. of Pioneer Hi-Bred International, Inc., Johnston. lA Highly 
preferred plant expression cassettes will be designed to include one or more selectable marker genes, such 

36 as kanamycin resistance or herbicide tolerance genes. 

By tiie term "Vector" herein is meant a DNA sequence which is able to replicate and express a foreign gene 
in a host cell. Typically, the vector has one or more endonuclease recognition sites which may be cut In a pre- 
dictable fashion by use of the appropriate enzyme. Such vectors are preferably constructed to include additional 
structural gene sequences imparting antibiotic or herbicide resistance, which then serve as markers to identify 

40 and separate transfbnmed cells. Preferred markers/selection agents include kanamycin, chlorosulfuron, phos- 
phonothricin, hygromycin and metiiotrexate. A cell in which ttie foreign genetic material In a vector is functionally 
expressed has been "transformed" by the vector and is referred to as a "transfonmant" 

A particularly prefenred vector is a plasmkJ. by which Is meant a circular double-stranded DNA molecule 
which is not a part of ttie chromosomes of the cell. 

45 Promoters that may be used in ttie genetic sequence include nos, ocs and CaMV promotere. 

An efficient plant promoter that may be used Is an overproducing plant promoter. Overproducing plant 
promoters that may be used in tills Invention include the promoter of the small sub-unit (ss) of the ribulose-1,5- 
biphosphate carboxylase from soybean (Berry-Lowe et al, J. Molecular and App. Gen.. 1:483-498 (1982)), and 
the promoter of the cholorophyll a-b binding protein. These two promotere are known to be light-induced in 

50 eukaryotic plant cells (see, for example, Genetic Engineering of Plants. An Agricultural Perspective . A. 
Cashmore, Pelham, New York. ig83, pp. 29.38, G. Coruzzi et al., J. Btoi. Chem. . 268:1399 (1983), and P. 
Dunsmuir, et al.. J. Molecular and App. Gen.. 2:285 (1983)). 

The expression cassette comprising ttie structural gene for a selected protein operably linked to the desired 
control sequences can be ligated into a suitable cloning vector. In general, plasmid or viral (bacteriophage) vac- 

55 tors containing replication and control sequences derived from species compatible with the host cell are used. 
The cloning vector wfli typically cany a replicatton origin, as well as specific genes that are capable of providing 
phenotypic selection markere in transfbmned host cells. Typically, genes confening resistance to antibiotics or 
selected herbicMes are used. After the genetic material is introduced into the target cells, successfully trans- 
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formed cells and/or colonies of ceils can be Isolated by selection on the basis of these nfwirkers. 

Typically, an intermediate host cell will be used in the practice of this invention to increase the copy number 
of the cloning vector. With an Increased copy number, the vector containing the gene of Interest can be Isolated 
In significant quantities for Introduction Into the desired plant cells. Host cells that can be used In the practice 

5 of this invention Include prokaryotes, including bacterial hosts such as E. coli, S. typhimurium. and Serratia mar- 
cescens. Eukaryotic hosts such as yeast or filamentous fimgl may also be used in this invention. Since these 
hosts are also microorganisms, It will be essential to ensure ttiat plant promoters which do not cause expression 
of the selected protein in bacteria are used in the vector. 

The Isolated cloning vector will then be Introduced Intotiie plant cell using any convenient technique. Indud- 

10 Ing electroporation (in protoplasts), Agrobacterlum species, retrovinjses, mlcropartlcle bombardment and 
microinjection, into cells from nninocotyledonous or dicotyledonous plants, in cell or tissue culture, to provide 
transfomied plant cells containing as foreign DMA at least one copy of the DNA sequence of the plant expres- 
sion cassette. Preferably, the monocotyledonous species will be selected from maize, sorghum, wheat and rice, 
and the dicotyledonous species will be selected from soybean, alfalfa, tobacco, rapeseed and tomato. Using 

IS known techniques, protoplasts can be regenerated and ceil or tissue cultures can be regenerated to form whole 
fertile plants whteh cany and express the gene for the selected protein. Accordingly, a highly preferred embo- 
diment of the present invention is a transfonmed maize plant, the cells of which contain as foreign DNA at least 
one copy of Uie DNA sequence of an expression cassette of tills invention. 

Finally, tills Invention provides metiiods of fonparting resistance to diseases caused by microorganisms 

20 selected from Fusarium graminearum. Fusarium monilifomie. Diplodia maydis. Colletototrichum graminicola. 
Verticillium albo-atrum, Phytophthora megaspennnae f.sp. glycinea. Macrophomina phaseolina. Diaporthe 
phaseolorum caulivora. Sderotlnla sclerotiorum. Sclerotinia trifolloaim. Aspergillus flavus and Altemaria ion- 
gipes to plants of a susceptible taxon, comprising the steps of: 

a) culturing regenerable cells or tissues from at least one plant firom the taxon, 

2S b) Introducing Into the cells of the cell or tissue culture at least one copy of an expression cassette com- 
prising a structural gene for a selected protein, operably linked to plant regulatory sequences which cause 
the expression of tiie structural gene for the selected protein in the cells, and 

c) regenerating disease-resistant whole plants from the cell or tissue culture. Once whole plants have been 
obtained, they can be sexually or clonally reproduced in such mannerttiat at least one copy of the sequence 
30 provided by the expression cassette is present in the cells of progeny of the reproduction. 

Alternatively, once a single transfonmed plant has been obtained by the foregoing recombinant DNA 
method, conventional plant breeding methods can be used to transfer tiie structural gene for ttie selected pro- 
tein and associated regulatory sequences via crossing and backcrossing. Such intemnediate methods will com- 
prise tiie further steps of 

35 a) sexually crossing tiie disease-resistant plant with a plant from tiie disease-susceptible taxon; 

b) recovering reproductive material from the progeny of the cross; and 

c) growing disease-resistant plants from tiie reproductive material. Where desirable or necessary, ttie 
agronomic characteristics of the susceptible taxon can be substantially preserved by expanding Uils 
method to include the further steps of repetitively: 

40 a) backcrossing the disease-resistant progeny with disease-susceptible plants from the susceptible taxon; 
and 

b) selecting for expression of antimicrobial activity (or an associated marker gene) among ttie progeny of 
the backcross, until the desired percentage of the characteristtes of the susceptible taxon are present in 
tiie progeny along wfth the gene imparting antimicrobial activity. 
48 By ttie term "taxon" herein is meant a unit of botanical classification of genus or lower. It thus includes 

genus, species, cultivars, varieties, variants, and other minor taxonomic groups which lack a consistent 

nomenclature. 

' It will also be appreciated by those of ordinary skill that the plant vectors provided herein can be incorpo- 
rated into Agrobacterium tumefaclens. which can then be used to transfer the vector into susceptible plant cells, 
so especially those from dicotyledonous species. Thus, this inventton provides a method for Inriparting antimicro- 
bial activity and disease resistance in Agrobacterium tumefaciens- susceptible dicotyledonous plants in which 
the expression cassette is introduced into tiie cells by infecting the cells with Agrobacterium tumefaclens. a 
plasmid of which has been modified to Include a plant expression cassette of ttiis invention. 

55 Human and Veterinary Pharmaceutical Use 

This invention also provkles methods of treating and preventing infection by susceptible organisms in a 
human or lower animal host in need of such treatment, which method comprises administration to the human 

6 
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or lower animal host In need of such treatment a therapeutically effective amount of a polypeptide of this inven- 
tion or a composition containing one or both of the polypeptides. The polypeptides of the present invention may 
be administered parenterally. by Inhalation spray, rectally or topically In dosage unit fonmulations containing 
conventional nontoxic phannaceutically acceptable carriers, adjuvants and vehicles as desired, the tenfn 
5 parenteral as used herein includes subcutaneous, intravenous, intramuscular, Intraarticular and intrathecal 
injection and infusion techniques. As with other polypeptides, the polypeptides of this Invention are not known 
to be active orally. 

Total daily dose of the compounds of this invention administered to a host in single or divided doses may 
be In amounts, for example, of from 0.1 to 2000 mg/kg body weight dally and more usually 50 to 500 mg/kg, 

10 Dosage unit compositions may contain such amounts or fractions or submultiples thereof as appropriate to 
make up the daily dose. It will be understood, however, that the specific dose level for any particular patient 
will depend upon a variety of factors including the activity of the specific compound employed, the age. body 
weight, general health, sex, diet, time of administration, route of administration, rate of excretion, dmg combi- 
natk>n and the severity of the particular disease undergoing therapy. 

IS This Invention also provides phannaceutical compositions In unit dosage form, comprising an effective 
amount of a compound of this Invention In combination with a conventional phanmaceutlcal carrier. As used 
herein, tiie tennri 'pharmaceutical canrier" means a solid or liquid filler, diluent or encapsulating material. Some 
examples of the materials which can serve as pharmaceutical carriers are sugars, such as lactose, glucose 
and sucrose; starches such as com starch and potato starch; cellulose and its derivatives such as sodium car- 

20 boxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanti); malt; gelatin; talc; excipients 
such as cocoa butter and suppository waxes; oils such peanut oil, cottonseed oil. saffiower oil, sesame oil, olive 
oil, corn oil and soybean oil; polyols such as propylene glycol, glycerin, sorbitol, mannitol and polyethylene 
glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as n^gnesium hydroxide and 
aluminum hydroxide; alginicacid; pyrogen-firee water; isotonic saline; Ringer's solution, ethyl alcohol and phos- 

25 phate buffer solutions, as well as ottier non-toxic compatible substances used in pharmaceutical fonmulations. 
Wetting agents, emulsifiers and lubricants such as sodium lauryl sulfate and magnesium stearate, as well as 
coloring agents, release agents, coating agents, and perfuming agents and preservatives can also be present 
in the compositions, according to ttie desires of ttie fonmulator. The amount of active ingredient that nrmy be 
combined with tiie canrier materials to produce a single dosage form will vary depending upon the host treated 

30 and the particular mode of administration. 

By "therapeutically effective amount' herein Is nr^ant an amount of eittier polypeptide or combination 
tiiereof sufficient to provide antimicrobial activity so as to alleviate or prevent infection by susceptible organ isms 
in the human or lower animal being treated at a reasonable benefit/risk ratio attendant with any medical treat- 
ment 

35 

Industrial Applicability 

The following descriptions furttier exemplify the compositions of this invention and the methods of making 
and using them. However, it will be understood that other methods, known by tiiose of ordinary skill in the art 
40 to be equivalent, can also be employed. 

Example 1 - Antimicrobial Screening Procedures 

Proteins are screened for antimicrobial activity in concentrations depending on ttie molecular weight of tiie 
45 selected protein. The following chart gives examples of stock solution concentrations: 



Stock solution concentration 

3000 //M 
300 //M 

100 

30 /iM 



Molecular weight 

<500 Da 
500-5000 Da 
5000-10000 Da 
>10000 Da 



55 Solutions of protein with unknown molecular weight are made with a concentration of 1.0 mg/ml. Water is the 
usual solvent, however .01 % acetic add may be used for small proteins. The stock solutions are sterilized using 
means known to the art and are stored at an appropriate temperature. 

The proteins are then screened for antimicrobial or antifungal activity by the following methods: 
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Ten fil of a protein solution are put in a well of a mlcrotiter plate. Spores, or hyphal fragments of fungi that 
do not produce spores, are added to the well. The number of spores per well is approximately 200-250 and 
the number of hyphal fragments Is approximately 10-50. 

Plates are incubated at 28''C in the dark for about 20-24 hours. The individual wells are scored visually 
6 under an inverted microscope. A qualitative &4 scale is used to detenmine antifungal activity, with 1 being no 
inhibitionrelative to water control and 4 being complete inhibition. Scores of 1. 2 and 3 indicate Intermediate 
levels of antifungal activity. Tables 1-6 gives the results of the Level 1 screening against 6 pathogenic organ- 
isms. 
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Plates can be Incubated another 16-10 hours and read spectrophotometrically to determine the turbidity 
of each well. Turbidity is a measure of the fungal mass per well. The microtiter plates are read on a plate reader 
at 600 nm and the percent inhibition relative to control is calculated. Four to eight repetitions are needed to 
accurately detemiine the percent inhibition with eight repetitions being optimal. Statistical analysis is used to 
determine whether tiie proteins signrficantiy inhibit fungi relative to the control. 

The above described experiment Is then repeated to confirm antifungal activity. 

Proteins which exhibit moderate to strong acth/ity against one or more fungi In the first screening process 
are advanced to a second screening process. The second screening process is designed to determine the low- 
est concentration of protein that shows Inhibitory activity. The screening method is identical to the Initial screen- 
ing except that six serial, three fold dilutions are made of each protein giving approximately 1000X range of 
concentrations. For example, a protein being screened at 30nM in the first screening process would be 
screened at 27\iM, 9^M, 3 ^iM, IjiM, and O.SjiM in the second screening. 

Approximately 90 ^1 of a protein dilution are put in each well of a microtiter plate. The aliquot of spores or 
hyphai fragments are added at the same concentrations used in the first screening process. 

The same scoring method used in the first screening process is used In the second screening. The exper- 
iment Is repeated to give an Independent verification of activity. The results are recorded as Minimal Effective 
Concentrations or MEC's. Table 7 gives the results of the Level II screening. 
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Preferred proteins for killing or inhibiting the pathogen Fusarlunr^ graminearum are: Magainin-2. Magaini- 
n-A, Magalnln-G, poly-L-Arglnlne HCI, poly-L-histidine. poly-L-Lysine HBr, poiy-L-Lyslne HCi, poly-D-Lysine, 
poly-D-Lysine HBr, Mastoparan, Kassinln. Pro-Hls-Pro-Phe-Hls-Phe-Phe-Val-Tyr-Lys, adrenocorticotropic 
honnone 1-17, Adrenocorticotropic hormone 1-24, Citrate synthase. Defensin NP1. Cathepsin G, Lysozyme. 
a-hordothionln, p-hordothionin, p-purothionin, Crotamine, Melittin, Eosinophil major basic protein. Eosinophil 
cationic protein, and Eosinophil peroxidase. 

Preferred proteins for killing or inhibiting the pathogen Fusariunr» monPifonme are: Magalnin-2, MagaininA 
i\1againin-G, poly-L-Arginine HCI, poly-L-histidine, poly-L-Lysine HBr, poly-L-Lysine HQ, poly-D-Lysine. poly- 
D-Lysine HBr. Mastoparan. Kasslnin. Pro-Hls-Pro-Phe-Hls-Phe-Phe-Val-Tyr-Lys. adrenocorticotropic hor- 
mone 1-17, Adrenocorticotropic hormone 1-24, Citrate synthase, Defensin NP1. Cathepsin G. Lysozyme, 
a-hordothionin, p-hordothionin, p-purothlonin. Meiittin, Eosinophil major basic protein. Eosinophil cationic pro- 
tein, and Eosinophil peroxidase. 

Preferred proteins for killing or inhibiting the pathogen Dtplodia mavdis are: Magainin-2, Magalnln-A. Ma- 
gainin-G, poly-L-Arginine HCI, poIy-L-hislidine. poly-L-Lysine HBr. poly-L-Lysine HCI, poly-D-Lysine. poly-D- 
Lysine HBr, Defensin NP1, a-hordothionin. p-purothlonin and Melittin. 

Preferred proteins for killing or inhibiting the pathogen Colletototrichum graminicola are: Magalnln-A. Ma- 
gainin-G, poly-L-Arginine HCI, poly-L-histidine, poly-L-Lysine HBr. poiy-L-Lysine HCI, poly-D-Lysine, poly-D- 
Lysine HBr. Defensin NP1. a-hordothlonln. p-purothionin and Melittin. 

Preferred proteins for killing or Inhibiting the pathogen Verticillium albo-atrum are: Magainin-2, Magainin-A. 
Magainin-G, poly-L-Arginine Ha, poly-L-histidlne, poly-L-Lysine HBr, poly-L-Lysine HQ, poly-D-Lysine, poly- 
D-Lysine HBr. Defensin NP1. a-hordothionin. p-purothionin and Melittin. 

Preferred proteins for killing or Inhibiting the pathogen Phytophthoramegaspennaef.sp. glyclnea are: Ma- 
gainin-2, poly-L-Lysine HBr, Defensin NP1, p-purothionin and Melittin. 

Preferred proteins for killing or inhibiting the pathogen Macrophomina phaseolina are: poly-L-histidine, po- 
ly-D-Lysine, poly-D-Lyslne HBr, Defensin NP1, a-hordothlonin and p-purottiionin. 

Preferred proteins for kiiling or inhibiting the pathogen Diaporthe phaseolorum caulivora are: Defensin NP1, 
a4iordothionin and p-purothionin. 

Prefenred proteins for killing or Inhibiting the patiiogen Sderotlnia sclerotiomm are: Magainln-A, Magainln- 
G, poly-L-Arginine HCI, poly-L-histidine. poly-L-Lysine HBr, poly-L-Lysine HCI, poly-D-Lyslne. poly-D-Lysine 
HBr, Mastoparan, Defensin NP1. Cattiepsin G, Lysozyme, a-hordothionin, p-hordothionin, p-purothionin. sting- 
ing nettle lectin. Crotamine, Melittin, EosinophD major basic protein and Eosinophil cationic protein. 

Preferred proteins for killing or inhibiting tfie pathogen Sclerotinia trrfoliorum are: Magainin-A, poly-L-Argi- 
nine HCI, pdy-L-hlstidine, poly-L-Lyslne HBr, poly-L-Lysine HCI, poly-D-Lysine, poly-D-Lysine HBr. Mastopa- 
ran, Defensin NP1, Cathepsin G, Lysozyme, a-hordothlonin, p-hordothionin, p-purothionin. Stinging nettie 
lectin. Crotamine. Melittin. Eosinophil major basic protein and Eosinophil cationic protein. 

Preferred proteins for killing or inhibiting the pathogen Aspergillus tlavus are: Magainin-2. Magainin-A, Ma- 
gainin-G, pdy-L-Arglnlne HCI, poly-L-hlstidlne. pdy-L-Lyslne HBr. poly-L-Lysine HCI, poIy-D-Lysine, poly-D- 
Lysine HBr, Mastoparan, Kassinln. Defensin NP1. Cathepsin G, Lysozyme. a-hordotiiionin, p-hordotiilonin, 
p-purothionin, Stinging nettie lectin. Crotamine. Melittin and Eosinophil cationic protein. 

Preferred proteins forkilling or Inhibiting the pathogen Alternaria longlpes are: Magalnin-2, Magainin-A, Ma- 
gainln-G, poly-L-Arginine HCI, poly-L-histidine, poly-L-Lysine HBr. poly-L-Lysine HCI. poly-D-Lysine. poly-D- 
Lysine HBr. Mastoparan, Pro-His-Pro-Phe-His-Phe-Phe-Val-Tyr-Lys, adrenocortfcotropic hormone 1-17, 
Adrenocorticotropic honmone 1-24. Citrate synthase, Defensin NP1, Cathepsin G. Lysozyme, a-hordothionin. 
P-hordothionin, p-purothk>nln, Crotamine. Melittin. Eosinophil major basic protein. Eosinophil cationic protein, 
and Eosinophil peroxidase. 

Example 2 - Protein Syntiiesis Methods 

Synthetic Peptides: 

The synthetic peptides Magainin-2, Magainin-A, Magainin-G, Poly-L-arginine, Poly-L-histidine, Mastopa- 
ran. Kassinln, Pro-His-Pro-Phe-His-Phe-Phe-Val-Tyr-Lys. and AdrenocorticotiDpic honmone 1-17. Adrenocor- 
ticotropic hormone 1-24 can be synthesized with a peptide synthesizer using solid phase synthesis and 
chemical synthesis methods known to tiie arts. The amino ackj sequence is programmed into a peptide synth- 
esizer (Applied Biosystems model 431 A) and 100 mg of peptide is obtained. The peptide is purified using 
reverse phase high pressure liquid chromatography (RP HPLC). 

To verify the activity of the synthetic peptide, tiie activity of the major peak from reverse Phase HPLC is 
tested for antifungal activity. 
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To obtain a gene for a synthetic peptide, the optimum codon usage is first determined. Amino acid sequ- 
ences of proteins from the species being transfomied are extracted from OenBank and analyzed. Optimal 
codons are chosen, based on the average frequency of codons in the proteins. Thus the optimal Dl^ sequence 
coding for the desired peptide is detemilned. An ATG start codon is added to the beginning of the DNA sequ- 
5 ence if it Is not already present In order to be able to done the gene into a plant expression vector, suitable 
restriction sites are added to either end of the DNA sequence. Then a DNA synthesizer is used to synthesize 
the oligonucleotide (DNA sequence) and its complement. Oligonucleotides are annealed and cloned into plant 
expression vectors using techniques icnown to the art. 

10 Purified Proteins & Enzymes: 

The purified proteins and enzymes Citrate Synthase, Defensin 1 . Cathepsin G, Lysozyme, a-Hordothionin, 
P-Hordothionin, p-Purothionin, Stinging Nettie Lectin, Crotamine, Mellttin, Eosinophil Major Basic Protein, Eosl- 
nophO cationic Protein and Eosinophfl Peroxidase are Isolated and cloned by the following methods. 
IS Proteins and enzymes are isolated from biological material indicated In the following Table 1 and the refer- 
ences cited. Various purification techniques known to the art are used to purify the proteins and enzymes. 

The antifungal activity of purified proteins and enzymes is verified by associating antifungal activity with a 
single band on a polyacrylamide gel or a single pealc from Reverse Phase MPLC. 

To done the gene for a purified protein, any one of the following strategies may be employed: 
20 a. The protein (or proteolytic products) is sequenced. A degenerate oligonudeotide probe is designed 

based on the coding sequence of from 6-20 amino adds of the sequence. 

b. Antibodies to the protein may be used to screen an expression library. This technique is used if it is easier 
to raise antibodies to the protein of interest than to sequence the protein. Using molecular biology techni- 
ques well known to the art, a lambda phage expression library is constructed with cDNA from the source 
25 of the protein. This library contains cDNA inserts in all possible reading frames inserted Into a p-gatactosi- 
dase open reading fr^me. Using procedures known to the art the library can be screened for epitopes that 
react to the antibodies. The dones are then sequenced and the protein size is verified. The gene can then 
be inserted Into a plant expression vector using techniques known to the art and described in the back- 
ground to the invention. 

30 c. Polymerase chain reaction (PGR) is another well known technique for cloning genes. This procedure 
uses DNA primers based on two separate regions of the protein for which the sequence Is known. (Codons 
may or may not be degenerate.) The PCR procedure is used to amplify a specific DNA fragment between 
the primers. That fragment can be purified and used as a very specific probe. A genomic, or, preferably, 
cDNA library is screened using standard doning techniques. The clone identified by the oligonudeotide Is 

35 sequenced to verify an open reading frame. The size of the expected protein Is verified against the size of 
the purified protein. Using in vitro mutagenesis, restriction sites for doning are generated at the 3' and 5' 
ends of the gene. The gene Is then Inserted into a plant expression vector using doning techniques well 
known to the art 

40 Partially Purified Protein Extracts: 

The proteins Lyticase, Penicillinase and Cytohelicase have not been purified to homogeneity. To kientify 
the element responsible for the antifungal activity the protein extract may be analyzed by polyacrylamUe gel 
electrophoresis or by Reverse Phase HPLC and ail bands or fractions tested for antifungal activity. Those frac- 
45 tions associated with antifungal activity can be further purified until a single band is obtained. The gene may 
then be doned using the procedures described herein for purified proteins. 

All percentages herein are by weight except as otherwise indicated. The term "microorganisms" as used 
herein indudes bacteria and fungi. The temf^ "bacteria" and "bacterial Infection" are used herein in their usual 
context By "fungr herein are meant the higher protists. induding the phycomycetes. the ascomycetes and basi- 
50 dkHTiycetes, as well as other protista comrnonly refenred to as "yeasts" or "imolds". 



Claims 

55 1. A method for killing or inhibiting the growth of pathogenic microorganisms which are susceptible to the 
proteins: Adrenocorticotropic Honmone, preferably Adrenocorticotropic Homf>one 1-17 or 1-24, Lyticase, 
Penidllinase, Kassinin, Maslorparan. Mellttin, Pro-His-Pro-Phe-Hls-Phe-Phe-Val-Tyr-Lys, Synthase, or 
Crotamine comprising introdudng into the environment of ttie pathogenic microorganisms an antimbrobiai 
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amount of such a protein. 

2. A method according to claim 1 wherein the pathogenic microorganism is Fusarium graminearum Fusarium 
monliifonne. Diplodia maydis. Coiietototrichum graminicoia . Vertidilium aibo-atrum . Phytophthora megas- 
penmae f.sp. glycinea. Macrophomina phaseoiina . Diaporthe phaseolorum caulivora , Sderotinia 
sclerotioaim . Sclerotinia trifoliorum. Aspergillus flavus . or Altemaria longlpes . and wherein the protein may 
also be selected from: Defensin NP1» Magalnin-2, Magainin-A. Magainln-G, a-HordothlonIn, p-Hordothlo- 
nin, p-Purothionin, poly-L-Lysine HBr, poly-L-Lysine HCI, poly-D-Lysine. poly-D-Lysine HBr, poly-L-Aigi- 
nine HCI, poly-L-Histidine, Cathepsin G, Lysozyme, Eosinophil Major Basic Protein, Eosinophil Cationic 
Protein, Eosinophil peroxidase. Stinging Nettle Lectin, citrate synthase or cytohellcase. 

3. A method according to daim 1 or 2 wherein the environment of the pathogen is the locus of a plant. 

4 A method according to any one of daims 1 to 3 wherein the environment of the pathogen is the tissues 
of a plant 

5. A method according to daim 4 wherein the protein is provided to the tissues of the plant by a nudeic acid 
sequence which has been inserted into the genome of the plant said sequence coding for the protein and 
in proper reading frame relative to transcription initiator and promoter sequences active in the plant, 
whereby the protein is expressed at levels which provide an antimicrobial amount of the protein in the tis- 
sues of the plant 

e. A method according to daim 5 wherein the protein Is not native to the plant 

7. A method according to any one of daims 3 to 6 wherein the plant is a monocotyledonous species selected 
from wheat rice, and sorghum. 

8. A method according to any one of daims 5 to 7 wherein the sequence has been inserted by the steps of: 

a) culturing cells or tissues from the plant; 

b) Introducing into the cells of the cell or tissue culture at least one copy of an expression cassette com- 
prising a sequence coding for the protein; and 

c) regenerating proteded whole plants from the cell or tissue culture 

9. A method according to dafam 8 which comprises the further step of sexually or donally reproducing the 
whole plant in such manner that at least one copy of the sequence provided by the expression cassette 
is present In the cells of progeny of the reproduction. 

10. A method according to daim 8 or 9 in which the expression cassette is introduced into the cells by etec- 
troporation. 

11. A method according to daim 8 or 9 in which the expression cassette is introduced into the cells by micro- 
particle bombardment 

12. A method according to daim 8 or 9 In which the expression cassette Is introduced Into the ceils by micro- 
injection. 

13. A method according to daim 8 or 9 for providing resistance to microorganisms in Agrobacterium tumefa- 
ciens susceptible dicotyledonous plants in which the expression cassette is introduced into the cells by 
infecting the cells with Agrobacterium tumefadens . a ptasmid of which has been modified to indude the 
expression cassette. 

14. A method of imparting resistance to diseases caused by a pathogen as recited in daim 2 to plante of a 
taxon susceptible to those diseases, comprising the steps of: 

a) selecting a fertile, disease resistent plant prepared by the method of any one of daims 8 to 13 from 
a sexually compatible plant 

b) sexually crossing the disease resistent plant with a plant from the disease susceptible taxon; 

c) recovering reproductive material from ttie progeny of the cross; and 

d) growing proteded plants from the reproductive material. 

15. A method according to any one of daims 8 to 13 for imparting resistence to diseases caused a pattiogen 
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in a taxon consisting of substantially homozygous plants, which comprises the further steps of repetlth^ely: 

a) backcrossing the disease resistant progeny with substantially homozygous, disease susceptible 
plants from the taxon; and 

b) selecting for expression of disease resistance and antinr^icrobial activity along with the other desired 
characteristics of the susceptible taxon from among the progeny of the backcross, until the desired per- 
centage of the characteristics of the susceptible taxon are present in the progeny along with disease 
resistance and antimicrobial activity. 

16. A DMA done from the genome of a plant which codes substantially solely for a protein selected from ttie 
group of daim 1. 

17. An expression cassette comprising a DNA done according to claim 16, operably linked to plant regulatory 
sequences which cause the expression of the DNA clone In plant cells. 

18. An expression cassette comprising a DNA done according to claim 16 operably linked to bacterial exp- 
ression regulatory sequences which cause ttie expression of the DNA done in bacterial cells. 

19. Bacterial cells containing as a fbreign plasmkJ at least one copy of an expression cassette according to 
claim 18. 

20. Transfonfned plant cells containing as foreign DNA at least one copy of the DNA sequence of an expression 
cassette according to daim 17. 

21. Transfomied celts according to claim 20, further characterized in being cells of a monocotyledonous 
. spedes, preferably maize, sorghum, wheat or rice cells. 

22. Transfonmed cells according to clabn 20, further characterized in being cells of a dicotyledonous species, 
preferably soybean, alfelfe, tobacco or tonnato cells. 

23. A maize cell or tissue culture comprising cells according to daim 21 . 

24. A transformed maize plant, the cells of which contain as foreign DNA at least one copy of the DNA sequ- 
ence of an expression cassette according to claim 17. 

25. A antimicrobial composition, comprising a antimicrobial amount of a protein according to daim 1 1n a non- 
toxic vehide. 

26. A composition according to daim 25 wherein the vehtele is adapted for systemic adminlstratton to a sus- 
ceptible organism. 

27. A pharmaceutical composition In unit dosage form having antifungal activity which comprises a safe and 
effective amount of a protein according to daim 1. 

28. A protein as defined in daim 1 for use in a method of antifungal treatment of the human or animal body. 

29. Use of a protein as defined in daim 1 for tiie manufacture of a medicament for the treatment of fungal 
Infections of the human or animal body. 
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